Three markers of acute phase response -C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), ferritin -and two markers of immune activation -urinary neopterin, ~2-microglobulin -were measured in 60 HIV-l infected individuals; ~2microglobulin and ferritin increased mainly in the later stages WR 5 and WR 6 but identical in WR 1 -WR 4. The data indicate that chronic bacterial infections are unlikely to be the cause of immune activation in patients with HIV-l infection.
Introduction
Signs of activated immune cells in human immune deficiency virus type 1 (HIV -1 ) infection are apparent in many ways. Among these are increased concentrations of neopterin in serum , saliva, urine and cerebrospinal fluid (1 -4) . Increased neopterin concentrations in serum are associated with positive virus isolations, and patients with highest neopterin levels yield viruses with high replicative capacity (5) . This suggests that T-cell turnover and macrophage activation may be directly linked to virus expression in vivo (6) . Whether the increase in neopterin concentration precedes the increase in HIV -1 expression or, conversely, HIV variants with increased replicative capacity will stimulate T-cell turnover and thereby contribute to increased neopterin concentration, is not known at present.
One cannot rule out, however, the possibility that asymptomatic HIV -1 infected individuals have a high incidence of subclinical chronic bacterial and viral infections, which lead to chronic immune activation I) Author to whom correspondence should be addressed .
Pteridines Vo l. 3 'lo.-' Copyri ght r 199::: \\·a1tcr de Gruyter . Berlin · New York in HIV infection. Bacterial infection stimulates an acute phase response and the release of acute phase reactants such as C-reactive protein (CRP) (7) . We evaluated the relationship of the concentration of CRP in different stages of HIV -1 infection in comparison to ferritin , erythrocyte sedimentation rate (ESR), urinary neopterin and serum ~2-microglobu lin.
Methods

Patients
The study population comprised 60 HIV-l infected individuals (ELISA + Western blot) without acute bacterial infections (45 male, 15 female). 37 of them were intravenous drug users and 12 were homosexual men. The subjects were classified according to the Walter Reed (WR) staging classification (8) with 25 in WR 1 or 2, 7 in WR 3 or 4, 15 in WR 5 and 13 had AIDS (WR 6). Mean age was 31.9 years (SE, 8.5 years) and did not differ between patients in different stages. A control group of six patients with AIDS and bacterial pneumonia were also evaluated for CRP, ESR and urinary neopterin .
Laboratory studies
N eopterin was determined in first morning urine specimens by a reversed-phase high performance liquid chromatography (HPLC) method as described earlier (9) . Neopterin concentrations were related to creatinine values to compensate for physiological variations in analyte concentrations in urine.
Serum ~2-microglobulin was measured by radioimmune assay using standards provided by the manufacturer (Pharmacia). CRP levels were measured by nephelometry.
ESR was done according to the method of Westergren, and the first hour reading was used for the analysis.
Ferritin levels in serum samples were determined by immune radiometric assay (Bohringer).
The numbers of circulating CD4+ T-cells were determined by obtaining total and differential white cell counts and multiplying by the appropriate factors obtained on flow cytometry.
Statistical analy sis
For comparison of data between groups, the nonparametric Kruskal Wallis one-way analysis of variance was applied. Correlations were tested by Spearman's rank correlation technique. Comparison of unpaired samples between the two groups was done by the Mann Whitney rank test. Table 1 shows the results of measurements of three markers of acute phase response (CRP, ESR, ferritin) and to immune activation markers (urinary neopterin, ~2-microglobulin). The majority of measurements were outside the normal range with neopterin having the highest (94%) and CRP showing the lowest incidence (17%) of abnormal results.
Results
CRP correlated with ~2-microglobulin (r = 0.64, p < 0.0001), ESR (r = 0.61, p = 0.0001), urinary neopterin (r = 0.56, p = 0.0001) and albeit to a lesser extent, with ferritin (r = 0.38, p = 0.007) ( Table 2) .
ESR correlated with ~2-microglobulin, urinary neopterin and CRP quite similarly (r = 0.67, 0.66 and 0.61, respectively: p < 0.0001), and very weakly with ferritin (r = 0.31, p = 0.02). Finally, urinary neopterin and ~2-microglobulin correlated with ferritin (r = 0.43 , p = 0.002) and very strongly with each other (r = 0.77, P < 0.0001). Figure 1 shows the distribution of the measurements of CRP, ESR, ferritin , urinary neopterin and ~2-microglobulin in relation to the different stages according to the Walter Reed (WR) staging classification. CRP did not show a significant tendency in relationship to the progression of HIV -1 infection. Measurements of ESR and urinary neopterin, in contrast, steadily and significantly increased during HIV infection, whereas levels of ~2-microglobulin and ferritin increased mainly in the later stages of HIV-1 infection.
Comparison of the 13 AIDS cases without bacterial infection with the control group of six AIDS patients with bacterial pneumonia revealed a difference in CRP levels (p = 0.0007, Mann-Whitney test) with median levels 25 times higher in the group with bacterial pneumonia (Table 3) . Urinary neopterin levels also differed (p = 0.025), whereby patients with bacterial pneumonia showed higher levels. ESR did not differ between these two groups. AIDS patients with active cytomegalovirus (CMV) infection, e. g. CMVretinitis, had CRP levels equally low as patients without such complications (data not shown). This study reemphasizes the importance of progressive immune activation along the duration of HIV-1 infection. This was shown by the increasing levels of urinary neopterin, p2-microglobulin, ferritin, and the measurement of ESR with stage of infection.
Increased levels of ferritin are found with iron overload, in liver disease and in inflammatory and infectious diseases. High levels of ferritin were found in later stages of HIV infection. These high levels may reflect viral, fungal and protozoal diseases in patients. Ferritin correlated only weakly with CRP, ESR, urinary neopterin and p2-microglobulin. Table 1 ).
(CRP = C-reactive protein; ESR = erythrocyte sedimentation rate) The top of the columns represents the median value, the top of the bar the 75'h percentile and the black dot the mean.
ESR is influenced by the concentration of acute phase reactants, fibrinogen and globulins. High plasma fibrinogen concentration have been linked to a low CD4 lymphocyte count in HIV infected individuals. The correlation of ESR to CRP, urinary neopterin and 132-microglobulin was roughly similar and therefore we conclude that the mechanism of this steady increase of ESR, from the early to the late stages of HIV infection, is probably the same process that is responsible for the increase of urinary neopterin and 132-microglobulin namely chronic immune stimulation.
Urinary neopterin levels and 132-microglobulin differed highly significantly between different clinical stages. Neopterin showed a steady increase already from the beginning of the disease in contrast to 132-microglobulin (10) . However no conclusion on the preference of one out of both markers can be drawn from the present observations.
The levels of CRP were elevated in 17% of the subjects studied without bacterial infections, and these elevations were only slight. In the control group of AIDS patients with bacterial pneumonia very high levels of CRP were found. We conclude that the HIV-1 infected individuals are able to produce high levels of CRP, and there seems to be no difference in the capacity to release CRP compared to HIV -1 un infected individuals (11, 12) . The low levels of CRP we have found in this study therefore indicate that subclinical bacterial infections as the cause for the chronic immune activation in HIV infection is unlikely.
In situations outside HIV infection, the concentrations of CRP are extremely elevated in bacterial infections but not or only moderately in viral infections (13, 14) . Contrary, neopterin increases in viral but only little or not in bacterial infections (9, 14, 15) . Therefore, the combination of urinary neopterin with CRP may aid to differentiate both types of infections as it has been indicated in heart transplant recipients (14) .
Whether subclinical viral, fungal or protozoal diseases contribute to the immune activation of early HIV infection cannot be answered at present. However HIV expression itself may lead to the chronic immune activation of HIV infection.
